We have reviewed the immunology of thyroid autoimmunity with special reference to the importance of B lymphocytes (B cells) in thyroidal and extrathyroidal Graves' disease (GD), thus providing a framework for the hypothesis that B cell depletion may be beneficial in GD. Additionally, after reviewing the efficacy and safety in other autoimmune diseases, we propose that treatment with the B celldepleting agent Rituximab may become a clinically relevant treatment option in selected cases of GD, particularly when complicated with thyroid-associated ophthalmopathy.
Introduction
Graves' disease (GD) is a frequent autoimmune disease with a prevalence around 1-2% (1) . The efficacy of antithyroid drug therapy is unsatisfactory since only around half of the patients achieve remission after 12 -18 months of treatment (2) . Radioiodine and thyroid surgery are the definitive treatment options (2) , but many patients decline these treatments, in part because of the risk of permanent hypothyroidism. Thyroid-associated ophthalmopathy (TAO) is a serious feature, present in some degree in half the patients, which often requires immunosuppressive treatment and sometimes retrobulbar irradiation or surgical orbital decompression (1, 3) . The hyperthyroidism of GD is a classical autoantibody-dependent autoimmune disorder, while the pathogenesis of the extrathyroidal manifestations is more complicated. Chronic autoimmune thyroiditis (Hashimoto's thyroiditis, HT), is characterized by hypothyroidism due to a destructive lymphocytic infiltration of the thyroid. At present, the only treatment of HT is life-long substitution with thyroid hormone and remission is extremely rare (4) . B cells are involved in the pathogenesis of autoimmune diseases at several levels, even in diseases generally viewed as T cell mediated. In addition to being precursors for antibody-secreting plasma cells, B cells are also efficient antigen-presenting cells (APC) in autoimmune disease, as shown in animal models of diabetes (5), rheumatoid arthritis (RA) (6) and systemic lupus erythematosus (SLE) (7, 8) . In murine models of autoimmune thyroid disease (AITD), B cells are shown to act as APCs (9, 10) and are a prerequisite for the initiation of the disease process (11) . Recently, Pichurin et al. (12) have demonstrated the importance of B cells on T cell activation in GD.
Rituximab (RTX), a monoclonal antibody directed against the B cell surface antigen CD20, is a B celldepleting agent, primarily used in the treatment of B cell non-Hodgkin's lymphomas (13, 14) . Theoretically, a temporary depletion of B cells may be beneficial, or indeed curative, in autoantibody-associated diseases by disruption of a vicious circle of self-perpetuating auto-reactive B cells (15) . Preliminary reports of beneficial effects of RTX in various autoimmune diseases make it relevant to speculate about the potential effect of B cell depletion in AITD (16) . pathogenesis of GD is a defect in regulatory T cells causing expansion of T-helper cells which, through cytokine production, induce B cells to differentiate into plasma cells (21) . Plasma cells produce the pathogenetic thyrotrophin receptor antibodies (TRabs), first identified in 1956 (22) , which are responsible for the clinical syndrome of hyperthyroidism.
The hyperthyroidism of GD is considered a classic autoantibody-dependent autoimmune disease, since it can be transferred across the placenta from mother to child and by transfer of plasma (1, 23, 24) . In contrast, the pathogenesis of the extrathyroidal manifestations of GD is less well characterized. In TAO and thyroid dermopathy, autoantibodies, ectopic expression of thyroid-associated antigens (TAs), systemic low grade inflammation as well as local disturbances in fibroblast function, accumulation of hyaluronan and glycosaminoglycans and mechanical factors are involved in the disease pathogenesis and propagation (24) (25) (26) . HT, with its lymphocytic infiltration of the thyroid, is considered T cell driven. The destructive aspects of HT are caused by T cell-mediated cytotoxicity and induction of apoptosis (27) .
As described below, a clear distinction between B celland T cell-mediated diseases is probably too simplistic. In AITD, various cellular interactions between B cells, T cells and other immune cells, such as natural killer (NK) cells and dendritic cells (DC), exist (28 -30) . Even thyroidal follicular cells may themselves be involved in the autoimmune process (27) . In addition, complement and autoantibodies other than TRabs may play important roles in AITD (see below). GD and HT patients seem to have mixed Th1/Th2 cytokine profiles (31) . Classically, Th2 cytokines are predominant in B cell-dominated autoimmunity, whereas Th1 cytokines are primarily produced in T cell-dependent diseases.
The thyroid-associated antigens and autoantibodies in GD There are three major TAs: the thyroid-stimulating hormone (thyrotrophin) receptor (TSH-R), thyroglobulin (Tg) and thyroid peroxidase (TPO). The TAs are rather specific for the thyroid, although the TSH-R is expressed by fibroblasts in the dermis and the retrobulbar tissue as well (24) . Tg is present in orbital tissue in patients with TAO, and is thought to be involved, albeit not directly, in the pathogenesis of TAO (32) . The TSH-R consists of two subunits (A and B). The extracellular A subunit is the target of TSH-R antibodies (23) . A part of the A subunit may be shed to the circulation; in fact, the shedded, rather than the membrane attached, part of the A subunit, may be the primary target of TRabs (33) .
The other prime autoantibodies in GD are TPO antibodies (TPOabs) and Tg antibodies (Tgabs), which are frequently present, but not a sine qua non as with TRabs. TPOabs and Tgabs can be detected in approximately 70% and 50% respectively of patients with GD (1). The thyroid autoantibodies are, however, not specific for thyroid autoimmunity (34) and, although being useful in clinical routine, a clear distinction between autoantibody positivity and negativity is of limited value in immunological terms since, for example, circulating Tgabs can be found in practically all individuals (35, 36) . These antibodies belong to the so-called natural autoantibodies that are encoded by immunoglobulin (Ig)-variable genes in germ-line configuration and exhibit low-affinity binding to wellconserved epitopes of a broad variety of foreign and self antigens (37, 38) . They exhibit a less restricted idiotype pattern than disease-associated antibodies (35) . We have shown that natural Tgabs are instrumental in mediating the uptake and presentation of Tg by B cells, a mechanism that might be involved in maintaining peripheral tolerance to Tg (36) . The fraction of Tg-responsive B cells and CD4 þ T cells in a healthy individual can be raised considerably by increasing the Tgab concentration in the environment (39) .
It is thus possible that the presence of Tgabs is not just an epiphenomenon to T cell-mediated thyroid tissue damage, but may in fact promote uptake and presentation of Tg by B cells and other APCs, thereby regulating T cell-effector mechanisms. An unidentified part of IgGs from sera of GD patients induce disruption of normal skin and orbital fibroblast function, resulting in T cell infiltration and hyaluronan synthesis, which may be particularly important in extrathyroidal manifestations of the disease. The underlying mechanism probably involves interaction with the insulin-like growth factor-I receptor (IGF-IR), which might act as a TA (40 -42) .
The thyroid is the main production site of autoantibodies (23) but regional lymph nodes and bone marrow have been shown to contribute to the production (43) . It is well accepted that thyroid autoantibodies may persist years after total thyroidectomy (44) . Contributing factors to antibody persistence may be the shedding and circulation of the functionally antigenic part of the TSH-R A subunit (33) , continued extrathyroidal production of autoantibodies and potential longevity of dedicated plasma cells (45) .
Thyroid immunohistopathology in GD: the thyroid as a lymphoid organ
The lymphocytic infiltrate, seen in the thyroid in GD, consists mainly of T cells with approximately 9-15% of the total CD45 þ cells being B cells characterized by CD20 positivity (46, 47) . The B cells are mainly scattered as single cells or appear in small groups in the T lymphocytic infiltrate (46) . In a seminal work, Armengol et al. (48) found lymphocytic infiltrates containing germinal centres (GC) in 100% (eight of eight) of HT and 54% (14 of 26) of GD thyroids by careful routine histopathologic assessment, whereas only one in 22 patients with multinodular goiter had GCs (48) . B cells were abundant in the GCs, and are believed to be of oligoclonal origin (48) . Less vigorous routine assessment might disclose fewer GCs, whereas the most sensitive approach may be immunostaining for follicular DCs, thus exposing their reticular network in GCs.
Upon phenotyping of GD thyroid CD20 þ B cells (thy-B), Segundo et al. (46) found two major populations: approximately two-thirds of B cells were of probable marginal zone derivation (IgM þ IgD low to negative) and one-third were isotype-switched IgG þ memory cells (46) . Subsequent studies have shown that a third population is present in patients with GCs. This latter population is different from non-GC thy-B cells in a different Ig expression (47).
Armengol et al. (48) found evidence of Ig gene rearrangements in the lymphocytic infiltrates in GD and HT thyroids by RT-PCR examination of the recombinase-associated genes RAG-1 and RAG-2 involved in V(D)J gene rearrangements. The expression was higher than in other lymph nodes, tonsils and sometimes even the thymus (48) . The Ig isotype switching (47) and V(D)J rearrangements (48) provide preliminary evidence of the thyroid with GCs being a fully functional secondary lymphoid organ conducting somatic hypermutation and affinity maturation. In GCs, memory B cells and plasma cells are formed (49) . Indeed, Tg and TPO are shown to bind to B cells and plasma cells in the GCs of patients with AITD (48) . Molecules involved in B and T lymphocyte compartmentalization and formation of GCs are expressed at high levels in the thyroids from AITD patients with thyroidal GCs (26, 47) .
Ectopic secondary lymphoid follicles are reported in various autoimmune and inflammatory diseases (48) , and are a feature of, for example, thyroid-associated pretibial myxoedema (25) . Transfection of DCs to mice may induce de novo formation of pancreatic GCs containing follicular DCs and the initiation of insulindependent diabetes in mice (50) . In human thyroids, follicular DCs are a hallmark of autoimmunity and GC formation (29) . Regarding the importance of B cells in GCs, Takemura et al. (6) , in a series of wellconducted experiments, showed that B cells were necessary for CD4 þ T cell function in human RA synovium implanted on severe combined immunodeficiency (SCID) mice. Furthermore, it is of particular interest that experimental CD20 þ B cell depletion in these mice abrogated GCs and diminished CD3 þ and CD4 þ T cell infiltration as well as interferon-g and interleukin (IL)-1b production (6) . TPOab levels and local Tgab production seems to be dependent upon intrathyroidal GCs (47, 48) . Furthermore, the TRab levels may correlate with the presence of GCs in GD thyroids (48) .
Circulating B cells
Patients with untreated GD have an increased number of circulating B cells, including CD5 þ B cells which are involved, for example, in the production of natural autoantibodies (51, 52) . In euthyroid GD patients changes may be more subtle, although CD5 þ B cell expansion has been noted (46) . Circulating autoreactive IgG þ CD27 þ memory B cells are, however, frequently found in AITD patients, in contrast to that seen in normal subjects (49) . Phenotyping of thy-B and peripheral blood B cells from the same subjects shows some differences: for example, CD5, IgD and IgM are mainly expressed on peripheral blood B cells, and IgG on thy-B (memory) cells (46) . As for T cells, GD patients have increased CD4:CD8 ratios (27, 52) .
B/T cell interaction: the B cell as an antigenpresenting cell
A crucial role for B cells as APCs has been demonstrated in a number of murine models of autoimmune diseases (5 -10), and is suggested by the sometimes apparently autoantibody-independent effects of B cell depletion in clinical studies, as discussed later. In murine autoimmune thyroiditis, Braley-Mullen et al. (11) demonstrated the importance of B cells in the initiation of thyroiditis, in an autoantibody-independent manner. In a GD model, Pichurin et al. (12) showed that B cell-deficient mice were unable to elicit the normal T cell response to immunization with TSH-R. Conversely, the production of autoantibodies seems dependent on the help of CD4 þ T cells (53) . In a human in vitro system, we have demonstrated (36) that depletion of peripheral blood mononuclear cells for B cells markedly reduced CD4 þ T cell responses to Tg in healthy individuals, and that formation of complement-activating immune complexes between Tg and Tg-reactive natural antibodies promoted the response of Tg-reactive CD4 þ T cells (36) . Moreover, the presence of Tgabs from patients with HT further enhanced this T cell response (39) . On the basis of these findings, we propose that autoantibodies and complement are instrumental in the uptake of autoantigen for presentation by B cells. B cells may further be involved in autoimmunity by virtue of their production of autoantibodies and their capability to produce regulatory cytokines, for example, IL-10 (54). Various surface antigens present on B cells may be involved in autoimmunity, for example, activation of B cells mediated by B cell-activating factor (BAFF) receptors may enhance plasmablast survival and thereby autoantibody secretion (55, 56) .
Perhaps particularly important is the CD40/CD40L (CD154) system of APC/CD4 þ T cell interaction. Upon CD40/CD40L engagement, B7-1 or B7-2 (CD80/CD86) molecules are activated on the APC cell membrane which, upon interaction with T cell CD28 or the cytotoxic T lymphocyte antigen-4 (CTLA-4) confers an increase or a decrease respectively in T cell function, for example, by the production of cytokines, CD4 þ CD25 þ regulatory T cells or by controlling Fasmediated apoptosis (57, 58) . CTLA-4 gene polymorphisms may be involved in the susceptibility to GD (20, 58) . The importance of B cells in modulating T cell functions was shown in Takemura's RA synovium -SCID mouse chimeras, where decreases in T cell infiltration, GC size and inflammatory cytokines were seen upon B cell depletion (6) . In humans, changes in T cell surface markers such as CD40L down-regulation and a decrease in T cell activation markers (CD69 and human leukocyte antigen-DR (HLA-DR)) follow B cell depletion in peripheral blood mononuclear cells of SLE patients (59) . Moreover, normalization of T cell and macrophage infiltration of the bone marrow upon B cell depletion has been shown in a patient with pure red cell aplasia (60) .
Possible interactions between B cells and fibroblasts
A central cell in the development of TAO seems to be the fibroblast (26) . Orbital fibroblasts exposed to IgG from GD patients produce the T cell chemoattractants IL-16 and RANTES due to the presence of autoantibodies towards the IGF-IR (40, 41) . Orbital fibroblasts from TAO patients proliferate when exposed to autologous T cells; a proliferation which is partly dependent upon CD40 on the fibroblasts interacting with T cell CD40L (61) . The production of hyaluronan by orbital fibroblasts has been shown to be induced by autoantibody and CD40 stimulation (42, 62).
As described above, B cell depletion may cause qualitative and quantitative changes in local and circulating T cells (6, 59, 60) . As such, apart from a potential effect on autoantibodies, B cell depletion may affect aberrant fibroblast function indirectly through effects on T cells. Recently, fibroblasts from lung tissue were shown to express CD40L (63) . At present it is not known whether B cells and fibroblasts may interact directly through the CD40-CD40L pathway. Importantly, TAO fibroblasts exposed to RA IgG and vice versa show IGF-IRmediated production of the T cell chemoattractant IL-16 (64) . No such response was seen when the IgG or fibroblasts were derived from non-autoimmune subjects (64) . Moreover, it is by now well recognized that synovial, like orbital, fibroblasts proliferate and produce inflammatory cytokines, when activated through the CD40-CD40L pathway (26, 65) . Thus, a common pathogenetic pathway and potential common mechanisms of the action of B cell-depletion therapy in RA and TAO, based upon changes in fibroblast function, may exist. As reviewed later, clinical effect of B cell depletion is observed in RA (66).
RTX, a B cell-depleting agent RTX (F. Hoffmann-La Roche Ltd., Basel, Switzerland) is a chimeric monoclonal antibody directed against CD20, a B cell-specific surface marker, which is expressed by pre-B cells and B cells, but not by stem cells or most plasma cells (Fig. 1A and B) (67) . CD20 is probably operating as a calcium channel, and may be involved in B cell maturation (68) . No human ligand for CD20 has been identified, and CD20 knockout mice are viable without apparent physical or immunological abnormalities (68) .
RTX has proved effective in the treatment of several haematological diseases, primarily non-Hodgkin's lymphomas, where it has been considered a state-of-the-art supplement to chemotherapy since its Federal Drug Administration (FDA) approval in 1997 (14) . The mechanisms of action of RTX is depletion of CD20 þ cells by antibody-and complement-dependent cytotoxicity as well as by induction of apoptosis (Fig. 1C) (69) . RTX causes complete B cell depletion in a matter of days. Circulating B cells become detectable again after a median of 4-6 months in most diseases, normal levels being reached after approximately 9-12 months. In autoimmunity, longer depletion times may occur. T cell and NK cell counts are usually not affected. B cell depletion is reported in, for example, salivary glands, bone marrow and spleen (70, 71) .
A standard lymphoma dose of RTX is four infusions of 375 mg/m 2 , given 1 week apart. This dose is used in most autoimmune disease trials, although lower doses or fewer infusions have also been used. Currently, the price of a full dose is approximately 10 000 euros. More than 370 000 patients have been treated with RTX (72) . The reported use in autoimmune diseases is presently approaching 1000 patients, primarily with benign haematological diseases and RA. Increasing offlabel use of the drug, on a compassionate and experimental basis for various diseases, has been noted (73) . The literature is rich in case reports, but there is only one placebo-controlled, randomized study in autoimmune diseases (66) , and immunological characterization of treatment responses are scarce and just appearing. So far, there are no reports on anti-B cell therapy in AITD.
The most well-documented effects of RTX in autoimmunity are presented below. We focus on RA, SLE and immune thrombocytopenic purpura (ITP), and have chosen to present the largest studies with the most thorough immunological and toxicological evaluations. Other anti-CD20 agents conjugated to radioactive isotopes as, for example, 131 I are marketed (74) , and a fully humanized, and thus potentially less immunogenic anti-CD20 antibody has been developed (75) . Various other monoclonal antibodies aimed at B cells (for example, anti-CD22, anti-B cell receptor and anti-BAFF), as well as +molecules involved in B/T cell interaction (for example, anti-CD4, anti-CD40L and anti-CTLA-4) may be other rational targets in autoimmune diseases (30, 57, 76) . However, as substantial safety monitoring presently exists only for RTX, our focus is solely on this drug. The effects of B cell depletion in autoimmunity may theoretically be exerted on several levels, cellular as well as humoral (Table 1) .
RTX in the treatment of RA
RA is generally considered a T cell-driven disease. However, as noted, B cells have been shown to be important in the synovial reactions (6) . The primary experience with RTX therapy in RA derives from the group of Edwards and Cambridge. The first results from 2001 in five patients (77) have now been extended in a major, randomized, double-blinded study involving 161 treatment-resistant rheumafactor-positive (RF þ ) RA patients (66) . Using RTX in combination therapy with methotrexate (MTX) or cyclophosphamide (CTX), a persistent effect in down-scoring American College of Rheumatology (ACR) disease activity criteria by 50% (ACR50) was shown with ACR50 at 48 weeks being 35% and 27% respectively versus 5% on MTX monotherapy. RTX monotherapy resulted in ACR50 in 15% of patients versus the 5% treated with the gold-standard MTX treatment (not significant) (66) . Repeated RTX infusions may be necessary to maintain long-term responses. Advance reports show responses (ACR20 þ ) for up to 3 years in approximately 80% of 31 RF þ patients (78) on retreatment. B cell depletion per se is not the only mechanism of action since RF patients do not seem to have any effect from the treatment despite efficient B cell depletion (78) .
RTX in the treatment of SLE
SLE is an autoimmune disease with a number of organ manifestations. Various autoantibodies are present in patients with SLE, anti-dsDNA, antinuclear antibodies and lupus anticoagulant being the most prominent. B cells are known to play an important role in SLE (79) , and may exert antibody-independent effects (8) in addition to producing disease-associated antibodies. In 2002, a study in six patients showed promising results, on clinical and paraclinical parameters, of combination therapy (RTX and CTX) (80) . A dose escalation study using RTX as monotherapy in 17 patients with SLE has subsequently demonstrated the efficacy of RTX in reducing disease activity in patients with successful B cell depletion (81) . Tokunaga et al. (82) demonstrated an effect in five of five patients receiving RTX (375 mg/m 2 ) for 2 weeks in addition to oral Impairment of the B cell function as APCs, thereby providing less stimuli to, for example, CD4 þ T-helper cell proliferation and cytokine production Disruption of aberrant GC function, resulting in decreased production of disease-specific memory B cells, plasma cells and autoantibodies Depletion of plasma cell precursors, thereby possibly mediating diminished autoantibody production and other changes in circulating Igs Abrogation of a potentially vicious circle of self-perpetuating auto-reactive B cell clones, thereby providing a potentially permanent cure Modulation of the behaviour of other immunoactive cells, e.g. fibroblasts, via potential changes in T cell functions and/or autoantibody levels prednisolone. Two of these patients, with severe central nervous system (CNS) involvement, became fully alert in 2 and 5 days after starting treatment. Sfikakis and coworkers (59) demonstrated an effect of full dose RTX and oral prednisolone in eight of ten patients with lupus nephritis, five of whom achieved a complete response at 2 -8 months post-treatment, and maintained this at 12 months (59). RTX may have a particularly beneficial effect on lupus nephritis, as confirmed by post-treatment renal biopsies (81, 83) . Recent studies have addressed flowcytometric changes post-RTX in SLE patients. One study (82) shows down-regulation of CD40 and CD80 involved in the B/T cell interaction in the remaining CD19 þ B cells. Another study (59) showed a fourfold decrease in CD40L on CD4 þ T cells as well as significant decreases in T cell activation markers (CD69 and HLA-DR) and NK cells, whereas overall T cell counts increased (59) . Furthermore, depletion of an autoreactive subset of memory B cells (VH4.34 cells) is seen (84) .
RTX in the treatment of ITP
Focusing on autoimmune diseases where the effects of RTX have been assessed, ITP may be the one with greatest resemblance to GD, at least as regards the importance of circulating antibodies. As with GD, ITP can be transferred foetomaternally and via plasma (85) . Recently Cooper et al. (86) reported on 57 patients with chronic ITP (platelet counts (pc) below 30 £ 10 9 /l) receiving standard 4 £ RTX therapy. The overall response rate was 54%, with complete response (pc . 150 £ 10 9 /l) in 32% and partial response in 23% (86) . Remarkably, 16 of the 18 complete response patients remained in remission after a median of 73 (range: 24 -165) weeks post-treatment, often despite long-lasting complete B cell repopulation. Standard salvage therapy (Ig and/or prednisolone) was allowed when low pcs occurred (12 patients), but did not seem to be involved in the lasting responses. Spontaneous remission may be seen in ITP. These patients had, however, received a median of three (range: 2 -8) previous treatment attempts, with splenectomy performed in 31 patients (54%), rendering it likely that the cure rate was related to RTX treatment. The efficacy data are in keeping with the literature review by Zaja et al. (87) involving 73 patients and our own experience (88) .
The influence of RTX on Igs, antibacterial antibodies and autoantibodies
Generally, Ig levels are well maintained upon treatment with RTX. IgM is most affected, although values below the normal range are uncommon after one treatment. Retreatment with RTX, on the other hand, may induce substantial decreases in IgM levels (66, 78, 81) .
Antibacterial antibody levels are reported to be maintained (66, 81) even during RTX retreatment (78) .
In RA, a rapid fall in specific antibody (as compared with general Ig levels) levels is observed (66) . The efficiency of autoantibody depletion in SLE varies somewhat more, with a clinical effect being seen despite persistent autoantibody levels (84) . We speculate that the pathogenesis of ITP and GD may be similar, due to the presence of circulating pathogenetic autoantibodies. Data on the influence of RTX on antibody levels in ITP are, however, variable and rarely reported. One reason for this may be difficulties in testing for the heterogeneous anti-platelet antibodies (85) .
The experience in autoimmune disorders shows different timing of clinical responses to treatment, pointing to potential differences in pathogenesis and effector mechanisms (Table 1 ). Responses may be almost immediate (for example, the autoantibody response in RA and clinical improvement in CNS complications in SLE) or delayed by months (for example, the clinical response in SLE and RA). Indeed, in ITP, a biphasic response pattern is seen (86, 88) . In general, the temporal relationship between disease activity and autoantibody levels deserves further elucidation. As regards the immunological effects, the knowledge of the influence of RTX on B cell and T cell behaviour and cytokine production is particularly limited.
Adverse effects of RTX treatment
Infusion-related adverse effects are common, but they are benign and self-limiting (66, 86) . Most often hyperthermia, hypotension or nausea is seen. Serious infusion-related reactions have not been reported in autoimmunity, and are rare in haematological malignancies (14, 72) . B cell depletion is accompanied by remarkably few adverse effects associated with infections, since the Ig and antibacterial antibody levels are maintained. In the RA study, serious infections occurred in 2.5% in the control group (one patient) as opposed to 3.3% in the RTX groups (four patients). An increased occurrence of pulmonary infections may be seen on repeated treatment (78) . In 57 ITP patients, no serious infections or increases in minor infections were noted, although a large number of the subjects had been splenectomized (86) . In a retrospective study of 35 patients with ITP, two patients with severe chronic obstructive lung disease died, one of respiratory insufficiency, one of pneumonia. Both deaths were thought to be unrelated to the treatment (88) . A review of the adverse effect profile in haematological malignancies, where major knowledge has been gathered, supports the notion that RTX therapy is safe (72) . Even treatment twice a year for 2 years is tolerable without a significantly increased rate of infections (89) . Cases of vasculitis, epidermolysis, joint symptoms, reactivation of vira leading to, for example, hepatitis B and other rare phenomena are reported upon treatment with RTX in a registered frequency of less than 1 in 1000 patients (Rituximab product information 07/03/05, http://www.emea.eu.int/ humandocs/Humans/EPAR/mabthera/mabthera.htm). In autoimmunity, however, for example, serum sickness and neutropenia may be encountered at much higher frequencies than are registered (73) . With regard to post-RTX thyroid function, little is known. One RA patient is reported to have developed a goitre, not further specified, post-RTX (90) . Two anti-CD20 antibodies conjugated to radioactive isotopes are FDA approved. One of these is conjugated to 131 I and may result in hypothyroidism due to direct toxicity, whereas this is apparently not the case for the other compound (74) . Overall, RTX is considered to be a safe agent, even in the setting of non-malignant diseases (72) .
Relevance of RTX for treatment of GD B cell depletion by means of RTX therapy has been proved effective in a large fraction of patients with treatment-resistant autoimmune diseases, including RA (66), SLE (59, 81, 82) and ITP (86 -88) . In addition to being precursor cells for the Ig (and autoantibody)-secreting plasma cells, B cells are also known as critical APCs in AITD (9, 10, 36, 39) and other autoimmune diseases (5 -8), a role which may be partly dependent upon complement and autoantibodies as shown for Tgabs (36, 39) .
In AITD, the thyroid gland may house secondary lymphoid organs containing GC-conducting affinity maturation and somatic hypermutation (48) . As such, GCs are involved in the formation of specific B memory cells, plasma cells and thyroid autoantibodies (47, 48) . Targeting intrathyroidal B cells may disrupt GCs and thereby the production of high-affinity thyroid autoantibodies (47, 48) , and perhaps decrease the stimulation of self-reactive CD4 þ T cells and the production of proinflammatory cytokines (6) .
B cell depletion could prove efficient in the treatment of both HT and GD. In HT, a direct effect on B cells in the lymphocyte-infiltrated thyroid could be expected. However, the majority of HT patients have atrophic thyroiditis -dominated by fibrosis -at diagnosis. Recent reports suggest histological normalization after RTX treatment in renal glomeruli and salivary glands (71, 81, 83) , leaving open the question of reversibility in HT. However, the ease of treatment with levothyroxine questions whether RTX therapy in HT is worthwhile or cost effective.
In this report we have focused on GD, an archetypical autoantibody-dependent autoimmune disease in which disruption of autoantibody production would be the ultimate target for therapy. It is possible that temporary disruption of unbalanced B cell homeostasis, depletion of memory B cells and depletion of precursors of the autoantibody-producing plasma cells could have a beneficial, or even curative, effect in GD. The pathogenesis of the extrathyroidal manifestations of GD, in particular TAO, is murkier than thyroidal GD and may be more T cell dominated; antibodies are, however, involved in the pathogenesis (41, 42) . Apart from the potential effect of RTX on the function of the B cell as an APC and on autoantibody production, we have hypothesized that B cell depletion may have a beneficial effect, directly or through the influence on T cells, on disturbed fibroblast function in TAO (Table 1) . Of interest, considering the clinical effect of RTX in RA, synovial fibroblasts from RA patients and orbital fibroblasts from TAO patients seem to share activation pathways (26, 64) .
TAO may be a debilitating complication to GD both physically and psychologically, and at present treatment responses in some patients with severe TAO is unsatisfactory. For such patients, B cell-depleting agents may become a relevant and even cost-effective supplement to existing treatment options (91) . Lasting 6 -12 months, B cell depletion using RTX may have the advantage of a long-lasting or perhaps definitive effect compared with previous treatment attempts aimed at clearing antibodies (for example, plasmapheresis).
Other agents modulating B or T cell behaviour, or anti-cytokine agents, have not been reviewed here. When assessing the feasibility of a novel treatment for a benign disease, security issues are of utmost importance. RTX has been approved for clinical use since 1997. So far, 370 000 patients have been treated with RTX, and almost a decade of follow-up renders some notion of RTX safety. De novo autoimmune manifestations are rare, as are, somewhat surprisingly, post-RTX infections. All in all, RTX therapy is considered safe and with an acceptable profile of adverse advents, even in a setting of patients with non-malignant diseases (72) . Given the potential benefits of B cell depletion in GD, studies of RTX treatment of patients with severe refractory GD, in particular patients with TAO, seem warranted.
